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(54) Abstract Trtle 

Production of glucose polymer mixtures by starch hydrolysis 

(57) Glucose polymer mixtures having a weight average molecular weight of from 15,000 to 25.000 are 
produced by hydrolysing a starch having an amylopectin content of at least 95 % by weight the hydrolysis 
procedure being selected to give a high yield of the polymer mixture. The hydrolysate is fractionated to 
recover the glucose polymer mixture. 

The starch may be a waxy maize starch. Hydrolysis may be carried out using an alpha - amylase e.g. one 
derived from porcine pancreatin, or using an acid. 
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At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy. 



2342656 

• ' PRODUCTION OF GLUCOSE POLYMER MIXTURES BY STARCH HYDROLYSIS 

The present invention relates to the production of mixtures 
of glucose polymers by hydrolysis of starch. Such mixtures axe 
catmonly known as dextrins. 

5 Starch is a condensation polymer of glucose, but is not a 

uniform product. Most starches contain two types of glucose 
polymers , namely (1) a linear-chain molecule termed amy lose and 
(2) a branched -chain molecule termed amylopectin. Amy lose 
constitutes 15 to 30% by wight of the common starches, the 

10 percentage generally being higher in grain starches than in tuber 
starches,. In amylose the glucose units are interconnected mainly 
by 1 , 4-linkages; in amylopectin, 1, 4-1 inked chains are . 
in ter connec ted by 1,6 1 inkages . 

The hydrolysis of starch is practised ccrrmercially on a 

15 large ncale. The world production of com starch is about 16 
million tons per annum and about 70S of this is converted, by 
hydrolysis, into corn syrup and thence into dextrose and high 
fructose* corn syrup. Intermediate hydrolysis products/ cannon ly 
known as malto-dextrins, also find wide use in the food industry. 

20 The present invention is concerned with the production of 

glucose polymer mixtures having a weight average molecular weight 
of frcm IS, 000 to 25,000 (referred to hereinafter, for 
convenience, as GPM). Such mixtures have been found to be useful 
as osmotic agents in peritoneal dialysis solutions, as described 

25 in British specification No. 2154469 A. 

Because of its comnrercial importance, the hydrolysis of 
starch lias been studied for many decades. However, the main 
objective of most of the work has been to produce as near as 




starch hydrolysate depends on the M.W.D. in the hydrolysate. If 
^ the hydrolysate consists mainly of the L.M.W. fraction, the yield 
is poor. If the yield is to be high r it is necessary that the 
hydrolysis should be terminated before the hydrolysate contains 
5 too mutch L.M.W. material. However, the hydrolysis mast be 
continued for a sufficient length of time that the H.M.W. 
fraction has* reached a low enough average molecular weight that a 
high proportion of it can be fractionated, out as GPM. 
Unfortunately, there are many hydrolysis systems which do not 
10 bring the H.M.W fraction to such a lew average molecular weight 
until hydrolysis "has continued for so long that the weight of the 
L.M.W fraction exceeds that of the H.M.W. fraction; such systems 
are inherently incapable of giving the desired high (preferably 
at least 50%) yield of GPM. 
15 It is an object of the present invention to provide a 

process for the production of GPM by hydrolysis of starch in 
which the yield of GPM is substantially higher than with known 
processes . 

We have found that higher yields of GFM can be obtained when 
20 the starch is one having an amylopectin content of at least 95% 
by weight. Also, we have found it possible to select hydrolysis 
procedures capable of giving a good yield of GPM by carrying out 
tests which detect the attainment by the H.M.W. fraction of a 
composition in which the content of polymers of nolecular weight 
25 20,000 is greater than that of polymers of any other individual 
molecular weight within that fraction. 

The invention provides a method of producing GPM comprising 
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hydrolysis proceeds. Each sample is then analysed to determine 
the molecular weight distribution of the polymers in the 
hydrolsate at the time of sanpling. This can be effected by the 
use of size exclusion chromatography (SEC) , a comparatively 

5 reoent, but now well-established, technique for determining the 
molecular weight profile of polymer mixtures; see, for exanple, 
Alsop et al, Process Biochemistry, Dec. 1977 (15). 

A typical "chrcmatograph" or "elution profile" showing the 
M.W.D. of a partially hydrolysed starch is shewn in the single 
■ 10 Figure of the accenpanying drawing. ITie curve of this Figure is 
of the type produced by SEC; it plots the weight per unit volume 
of material being eluted from a column against the time (and 
hence volume) of elution. It is a characteristic of SEC that the 
higher the molecular weight of material the more quickly the 

15 material passes through the column. Thus, the curve of the 

Figure is in effect a plot of the weight per unit volume of the 
material leaving the column at a given time against the molecular 
weight of the material leaving the column at that time. 
Accordingly/ the peak L on the curve relates to the L.M.W. 

20 fraction and the peak H to the H.M.W. fraction. The proportions 
by weight of these two fractions can be determined by integration 
of the areas beneath the peaks H and L. 

Hie curve of the Figure shows the M.W.D. of the hydrolysate 
only at one particular time, "the time of sampling. As hydrolysis 

25 continues, the shapes of the curves obtained by analysis of the 
M.W.D of further samples will differ fran that of the Figure in 
that:- 




When the hydrolytic agent is an enzyme, the manner in which 
the choice of enzyme affects the M.W.D. is decided by such 
natters as whether the action of the enzyme is endogenous (action 
on interior bonds in the anylopectin molecule) or exogenous 

5 (action on terminal bonds): whether the enzyme has selectivity 
for 1,4 or 1,6 linkages: and whether the hydrolysis mechanism is 
single-chain, multi-chain, or multiple attack (mechanisms 
we 11 -recognised in current theories 6f hew enzymic hydrolysis of 
carbohydrates takes .place) . Unfortunately/ these theoretical 

10 considerations prove to be of limited help on selecting a 

hydrolysis prooetfipre which will give the result desired in the 
present invention, namely the production of a starch hydrolysate 
frcm which a high yield of GPM can be obtained. 

This is well demonstrated by the results obtained by using 

15 an acid as the hydrolytic agent. Acid hydrolysis, by its very 
nature, should in theory give a hydrolysate with a M.W.D. 
differing fr*uv a random distribution only because of differing 
rates of attack on 1,6 as opposed to 1,4 linkages, and because of 
the readier accessibility of chain ends in the amylopectin 

20 molecule, which is known to have a fan-shaped structure. However, 
we have found that acid hydrolysis (using hydrochloric acid as 
the hydrolytic agent) gives a hydrolysate having a bimodal 
M.W.D. , in the same way as the systems using enzymes. 

The invention will be illustrated by the following 

2 ^ description of experimental v*Drk. 

Waxy maize starch was subjected to a variety of hydrolysis 
procedures, using enzymes or hydrochloric acid as hydrolysing 
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two 30cm Merck Lichrosphere Diol columns 500 and 100 in series. 
Eluant (0.02% sodium a2ide in deionised water at: 25 degrees C) 
was passed dcwn the system at 0.5 ml/min. 

The system was calibrated using Dextran "T n fractions frcm 



of known M.W.D. It was found that the time of elution (Ve) of 
naterial of molecular weight 20,000 was 7.8 minutes. 

All hydrolyses were run for a sufficient length of time to 
take the H.M.W. peak of the SBC trace {peak H in the accompanying 

10 drawing) far enough to the right as to correspond to Ve 7.8, i.e 
until the H.M.W fraction had a composition such that material of 
molecular weight 20.000 was present therein in greater proportion 
than polymer of any other individual molecular weight. The 
weight ratio of L.M.W. fraction to H.M.W. fraction at Ve 7.8 for 

1 5 H.M.W. was derived as the ratio between the area beneath the 
L.M.W. peak (peak L in the acccrrpanying drawing) and the area 
beneath the H.M.W. peak (the integration of these areas being 
provided by the recorder), converted to a percentage. 



20 conditions as described above, except where indicated) are 

surmarised in Table I below, in which the following abbreviations 
are used. 



5 Pharnacia. It was regularly 



checked with the aid of dextrins 



The results of these experiments (all using reaction 



SMS 



Standard mai2e starch 



Waxy nraize starch 



25 



T 



Termamyl 



B 



Ban 



PP 



Alpha-amylase frcm porcine pancreatin 



use in the invention. 

Consideration of the results set out in Table I leads also 
to the following conclusions 

(a) Ccnparison of systems 5 and 7 shows that, with Ban, a 
5 better yield is obtained with a lower E/S ratio. 

(b) Ccnparison of systems 7 and 9 shows that, although a pH 
range of from'6.0 to 6.5 is normally riecammended as the optimum 
range for Ban, the purpose of the present invention is more 

. satisfactorily achieved by using the higher pH of 7.6 (at which 

10 the enzyme regains stable and active). 

Each of hydrolysis systems 4 and 10 was used to hydrolyse a 
waxy maize starch. In the case of system 10, the hydrolysis was 
terminated at a time (predetermined from the results of the tests 
described above) before the weight of the L.M.W. fraction 

15 exceeded that of the H.M.W. fraction, and shortly after the 

H.M.W. fraction had attained a composition in which the content 
of polymer of molecular weight 20, 000 was greater than that of 
polymer of any other individual nolecular weight within that 
fraction. This was not possible with system 4 (which is outside 

20 the scope of the invention) ; the hydrolysis time was so chosen 
that the H.M.W. fraction attained a composition in which the 
content of polymer of molecular weight 20,000 was greater than 
that of polymer of any other individual molecular weight within 
that fraction, but by that time the weight of the L.M.W. fraction 

25 exceeded that of the H.M.W. fraction. Membrane fractionation was 
used to separate out frcm the hydrolysate a GPM fraction having a 
weight average molecular weight of frcm 15,^)00 to 25,000. The 



CLAIMS. 

1- A method of producing a glucose polymer mixture ccrrprising 

(i) selecting a starch which has an amylopectin content of at 
least 95% by weight, 

(ii) selecting a hydrolysis procedure under which hydrolysis of 
said starch results in the H.M.W. fraction of the hydrolysate 
attaining a ccnposition. in which the content of polymer of 
molecular weight 20,000 is greater them that of polyrer of any 
other individual molecular weight within that fraction, before 
the weight of the L.M.W # fraction exceeds that of the H.M.W. 
fraction, 

(iii) hydrolysing said starch by means of said hydrolysis 
procedure, 

(iv) terminating the hydrolysis before the weight of the L.M.W. 
fraction exceeds that of the H.M.W. fraction, and 

(v) fractionating the hydrolysate to recover therefrom a 
glucose polymer ' mixture having a weight average mo 1 ecu lax weight 
of frcm 15,000 to 25,000. 

2. The method of claim 1 wherein said starch is composed 
substantially entirely of amylopectin. 

3. Hie method of claim 1 or 2 wherein said starch is a waxy 
mai2e starch. 

4. The method of any of claims 1 to 3 wherein said hydrolysis is 
effected by means of a enzyme. 

5. The method of claim A wherein said enzyme is an 
alpha-amylase. 

6. The method of claim 5 wherein said enzyme is a bacterial 
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